The Institute of Architectural Engineering at the Civil Engineering Faculty TU of Kosice, in its ongoing research, aims to monitor the physical properties of building envelope structures with emphasis placed on hydrothermal problems, at present. The research focuses on the assembly of equipment in climate chambers with their respective sample envelopes and fenestration systems, which are involved in a measuring experiment. The prime aim is to design a logical and transparent system for gathering, evaluating and storing hydrothermal related data. This contribution further illustrates the embedding system of measurement points in installed samples and the system of monitoring their physical properties over an annual period.
Introduction
A series of experimental measurements are currently underway, at the Institute of Architectural Engineering at the Civil Engineering Faculty TU of Kosice, that reflect the trends of current building practice, with a substantial share of research being devoted to prospective building materials and construction processes for potential future applications. The above mentioned institute recently obtained a grant for building an experimental research laboratory that consists of a series of macro "walk-in" test chambers which may be specifically utilized for conducting experiments based on the performance of fenestration systems.
On site measurements
Test chambers measure 4200 x 2440 x 2830 (mm) and include exposed interfaces for installing material samples and structural elements. The other walls, floor and ceiling are insulated with polyurethane insulation with a thickness of 150 (mm). The thermal resistance DOI: 10.2478/sspjce-2014-0013 of these structures measures R = 3 ((m 2 .K)/W). Samples subjected to monitoring of selected physical properties are embedded in the open interface of the climate chambers. The openings measure 1690 x 2200 (mm) and include a supporting frame which is designed so that various peripheral structures -masonry, prefabricated, monolithic and transparent may be installed with minimum effort [1] . A monolithic concrete interface was chosen for the first two chambers (where the PVC windows were installed). Situation of test chambers measure is showed in Fig. 1 . 
Implementation panel
The experimental chambers are differentiated by the cardinal orientation of the openings which allows the performance of the building envelope to be monitored from a north and south orientation respectively [2] .
Chamber no.1 and 2 are identical in construction but differ in the orientation of the monitored panels -specifically for comparing physical properties when exposed to the north, and south Chamber no.3 and roof module no.1 are orientated due south. Fenestration systems (windows) are installed in elements of the envelope construction. Samples of envelope structures are the object of measuring:
• Chamber 1 and 2 -consists of two masonry structures divided vertically -Autoclaved aerated concrete YTONG LAMBDA-P2 350 PDK and polished ceramic brick blocks HELUZ STI 30. The whole structure is insulated with graphite polystyrene -facade insulation board GreyWall 033 and a plaster rendering system using CERESIT. These test chambers is showed in Fig. 2 . Figure 2 : Chamber no. 1 and 2
• Chamber 3 -wood particle board construction with thermal insulation -The inside surface consists of mineral insulation from Isover fiberglass -UNIROL PROFI covered with particle board -facade insulation board consists of longitudinal fibred ISOVER TF 100 insulation covered with a CERESIT plaster rendering system. Test chamber no. 3 is showed in Fig. 3 . • Roof module in chamber no. 2 -timber frame construction filled with OSB particle boards. One side uses a vapour barrier while the other side omits the use of a vapour barrier; both using thermal insulation by ISOVER UNIRE-PRO. Roofing skin consists of asphalt strips filled with THERMOABASE thermal insulation. The ceiling is finished with dry walling. Roof module is showed in Fig. 4 . 
Instruments
A necessary step to avoid the ambiguous evaluation of measured data requires the labelling of individual sensors, measurement units and related equipment for integration and other applications. A system that applied the use of colour coding was applied and includes numbers and numerals for further clarification of the measured physical properties. Four categories were classified according to the criteria of the individual sensors:
• Temperature sensors with different characteristics, • Humidity sensors, • Sensors to measure other quantities,
The system allows for the addition of new equipment, while maintaining alphabetical order, because letters were omitted in each category of measurement data. Alphabetical letters ensure the exact type and designation of each sensor connector. Measured parameters such as temperature and relative humidity of the outside and indoor air, as well as the temperature and relative humidity inside the structure, were conducted its surface temperature and heat flux. Temperature sensors use resistance tips made of Ntc and NiCr. A VAISALA meteostation measures wind direction, and the average maximum wind speed, atmospheric pressure, temperature and relative humidity of the outside air, the amount and intensity of precipitation as well as global, and sky shortwave radiation [3] .
Preparation and production of measuring samples of roof cladding
The configuration of the roof skin was the result of a detailed analysis featured in (Fig. 5) . Because the roof model, measuring 1700 mm x 2200 mm lacked a Centre support, 2 pieces of identical roof panels had to overlap the module so as to create two distinct parts (showed in Fig. 6 ). The structures of the two roof elements differ. The right side of the module is equipped with thermal insulation manufactured by Nobasil with a vapour barrier from a JUTAFOL N; the drywall ceiling is anchored to the support above using a "U" profile. The left side is equipped with Nobasil 125mm thermal insulation, but excludes a vapour barrier while the drywall ceiling is similarly anchored as the one on the right side. Surface ceiling is without finishing treatment. The roof module with dimensions of 1700 mm x 2200 mm was supported and separated by a 125mm x 125mm wooden beam with the known thermotechnical properties [4] . The wooden beam was cut through the middle Axis and did not have JUTAFOL N vapour barrier placed in the gap. Sample roof deck above the rafters will be the same the two halves of the roof module was made and then fitted into the roof module and will consist of the following compositions: OSB with increased load thickness of 15 mm is attached to the top of the rafter. As second layer Prominent layer is anchoring (with micro-ventilation for polyurethane insulation). As the end of the bottom and the top is used metal edging (made on the site of galvanized sheet thickness 2mm). Attached to the OSB and then affixed anchoring layer Prominent. The following panel is modified by a gas burner snapping insulation Thermobase (polyurethane thermal insulation the top layer of cardboard) thickness 80 mm so manufactured roof panels were fitted into the roof module. As last layer is applied bitumen from the company board index mineral thickness of 4.5 mm brown colour overlay to the overall roof structure [4] .
Distribution and type of sensor in the test sample roof cover
The construction in the roof research module was divided into construction S1 and construction S2. S1 contains a vapour barrier Jutafol N in contrast to S2. Sensors in the roof construction sample were positioned in individual layers of the roof element, mirroring each other at 300 mm from the center line defined by a load bearing beam. The first temperature sensor was mounted closest to the exterior underneath the bitumen layer of S1 A37 as with S2 sensor A3.8, the second layer of the roof cover consists of thermal insulation (polyurethane) with a sensor A3.9 and A3.10 placed in the center line of the insulation i.e. 40 mm. The third layer of the roof cover consists of a connection layer which placed on OSB particle board. They house sensors A3.11 and A3.12.Sensors A3.7, A3.8, A3.9, A3.10, A3.11 and A3.12 are temperature sensors based on the resistance without a tip with capabilities of -50-125°C. Internal insulation consists of mineral wool 125mm thick where a sensor I1/6 was placed at its center which mirrors v I1/2. These sensors measure air temperature, relative humidity, dew point and absolute humidity and finally sensors D1/13 and D1/14. These were positioned on the internal drywall on the interior surface. This sensor measures the surface temperature at two points [5] . Measurement of heat transfer coefficient "U" of roof structure. Measured parameters are outside and inside air temperature and relative humidity, temperature and relative humidity inside the structure, surface temperature and heat flux. For those purposes is used temperature sensors based on resistance without nib, type NTC and NiCr (Fig. 7) . Weather station measure wind direction, average and maximum wind speed, atmospheric pressure, air temperature and relative humidity, rainfall and we also monitor global radiation by Pyranometer Chyba! Nenalezen zdroj odkazů., [6] , [6] .
The measurement of physical and technical parameters

Measurement of heat transfer coefficient "U" of roof structure
Winter pre-test measurements of heat insulation properties and structures factors were the subject of the tests. The first measurements involved the heat transfer coefficient structure (Uvalue). These measurements were made with a measuring device Testo 635 with the probe to determine the U-value (heat transfer coefficient) and then compared with the calculation. A total of 6 measurements were made with 4 measurements made every 15 minutes, and two measurements at 60 minute intervals, all conducted under different ambient temperatures, (the difference of internal and external temperatures was a min. 20°C). Measured sample roof coating structures S1 and S2 in the climatic chamber module is no sign of improper design, non-working practices in the construction and the measurement itself has taken place in compliance with all procedures specified by the manufacturer and this it can be concluded that the difference in measured and calculated values of heat transfer coefficient is 0,0105 W/(m 2 K). This difference may arise:
• measuring device Testo 365 is measured with an accuracy of ± 0,005 W/(m 2 K), • measuring probe for measuring the heat transfer coefficient with an accuracy of ± 0,003 W/(m 2 K), • in the actual values averaged values were calculated to three digits after the point (0,000).
Roof construction S1 and S2 shows almost identical data in the calculated value of heat transfer coefficient and the actual measured value of heat transfer coefficient structure.
Measurement of internal and surface temperatures in the construction of roof coating module in a climatic chamber
Winter pre-test measurements of heat insulation properties and structures factors were the subject of the tests. These measurements were logged and measured using sensors described above. It is important to note that these measurements were conducted under steady-state temperature of the internal environment and changing the state of the climate conditions. A constant temperature of 20°C is maintained in the interior of the climatic chamber. Measurements were carried out in individual layers:
• Measurement no.1 was made on the surface of the insulating layer (damp proof membrane) structures S1 and S2.
• Measurement no.2 consists of the measurement of the internal temperature in the polyurethane thermal insulation in the roof structure S1 and S2.
• No.3 measurement was made on the surface of OSB roof structure S1 and S2.
• Measurement no.4 consists of measuring the internal temperature of rock wool structures S1 and S2.
• Measurement no.5 drawn on the surface of gypsum ceiling module in the climatic chamber, the sample design S1a S2. 
Measurement
The average value of the temperature difference in the roof structure S1 and S2
1.
Measurement was made on the surface of the insulating layer (damp proof membrane) structures S1 and S2. 0,036 °C 2.
Measurement consists of the measurement of the internal temperature in the polyurethane thermal insulation in the roof structure S1 and S2. 0,0663 °C
3.
Measurement was made on the surface of OSB roof structure S1 and S2. 0,2803 °C
4.
Measurement consists of measuring the internal temperature of rock wool structures S1 and S2. 0,2777 °C
5.
Measurement drawn on the surface of gypsum ceiling module in the climatic chamber, the sample design S1a S2.
0,0505 °C
The overall average temperature difference in the construction of S1 and S2. 0,165 °C
The roof structure S1 (roof deck construction incorporates a vapour barrier) in the quasistationary thermal-moisture state of the internal environment under conditions of climate change environmental factors in situ reported to the roof structure S2 (structural roof deck where it is applied vapour barrier) in the quasi-stationary thermal -humidified state of the internal environment in terms of climate change environmental factors in situ difference of internal and surface temperatures on average 0,165°C. The measurement results 1 to 5 shown in Table 2 .
Phase shift of temperature oscillation in the roof structure S1 and S2 in the quasi-steady state of the internal environment and the changing external environment
Comparison of the phase of the temperature oscillation was assessed in the months October 2012, November 2012, January 2013 and February 2013. For the calculation itself is to be noted that as the inner surface temperature was used value from the sensor D/13 to construct sensor S1 and S2 D/14 for design. / Sensor measuring the surface temperature of the plasterboard /. In individual months were selected values of minimum and maximum outdoor temperature with their associated values of surface temperature in the roof structure and roof structure S1 and S2 they were subsequently compared. A full assessment of the phase shift of the temperature oscillation in the construction of the roof shell S1 and S2 shown in Table 3 . Brown graph-external temperature, grey graph -surface temperature on Drywall roof S1 Table 3 : Overall comparison of temperature oscillation phase shift structure S1a S2
The roof structure S1
The roof structure S2 
Conclusion
A series of experimental measurements are currently underway, at the Institute of Architectural Engineering at the Civil Engineering Faculty TU of Kosice, that reflect the trends of current building practice, with a substantial share of research being devoted to prospective building materials and construction processes for potential future applications. The above mentioned institute recently obtained a grant for building an experimental research laboratory that consists of a series of macro "walk-in" test chambers which may be specifically utilized for conducting experiments based on the performance of fenestration systems and roof systems. The prime aim is to design a logical and transparent system for gathering, evaluating and storing hygrothermal related data.
The thesis focuses on the assessment of thermo-dynamic parameters of S1 and S2 roof structures in a climatic chamber. The experimental measurements performed on the sloped roof were evaluated by comparing four thermal parameters. The first was the measurement of the coefficient of heat flux, followed by internal and external surface temperatures in different layers of the roof structure. The phase change for winter conditions was deduced from the external and internal temperatures and compared with the actual and calculated values of the surface temperatures. From the experimental measurements it can be concluded that the structure S1 has better thermal properties than structure S2. It is important to note that the experimental measurements were carried out for the quasi-stationary states so that the internal environment remained stable and the external parameters fluctuated.
From the comparison of test measurements in a climatic chamber module for quasi-stationary conditions for the internal structures S1 and S2 structures it can be stated that the vapour barrier in the construction JUTAFOL N S1 had an impact on the roof structure in terms of the phase shift of the temperature oscillation as follows:
• The roof structure S1 with a vapour barrier JUTAFOL N shows that a phase shift daily temperature oscillation in the winter was 11.42 (minutes) more favourable than the roof structure without the use of a vapour barrier (S2). These measurements were conducted as a quasi-stationary state of the internal environment in a climatic chamber.
• The roof structure S1 vapor barrier with Jutafol N shows that nightly a phase shift of the temperature oscillation in the winter is 15.39 (minutes) more favourable than the roof structure without the use of a vapour barrier ( S2 ) . These measurements were conducted as a quasi-stationary state of the internal environment in a climatic chamber.
